Liu C, Chen C-S, Ho W-H, Fü le RJ, Chung P-H, and Shiang T-Y. The effects of passive leg press training on jumping performance, speed, and muscle power. J Strength Cond Res 27(6): 1479-1486, 2013-Passive leg press (PLP) training was developed based on the concepts of the stretch-shortening cycle (SSC) and the benefits of high muscle contraction velocity. Passive leg press training enables lower limb muscle groups to apply a maximum downward force against a platform moved up and down at high frequency by an electric motor. Thus, these muscle groups accomplished both concentric and eccentric isokinetic contractions in a passive, rapid, and repetitive manner. This study investigates the effects of 10 weeks of PLP training at high and low movement frequencies have on jumping performance, speed, and muscle power. The authors selected 30 college students who had not performed systematic resistance training in the previous 6 months, including traditional resistance training at a squat frequency of 0.5 Hz, PLP training at a low frequency of 0.5 Hz, and PLP training at a high frequency of 2.5 Hz, and randomly divided them into 3 groups (n = 10). The participants' vertical jump, drop jump, 30-m sprint performance, explosive force, and SSC efficiency were tested under the same experimental procedures at pre-and post-training. Results reveal that high-frequency PLP training significantly increased participants' vertical jump, drop jump, 30-m sprint performance, instantaneous force, peak power, and SSC efficiency (p , 0.05). Additionally, their change rate abilities were substantially superior to those of the traditional resistance training (p , 0.05). The low-frequency PLP training significantly increased participants' vertical jump, 30-m sprint performance, instantaneous force, and peak power (p , 0.05). However, traditional resistance training only increased participants' 30-m sprint performance and peak power (p , 0.05). The findings suggest that jump performance, speed, and muscle power significantly improved after 10 weeks of PLP training at high movement frequency. A PLP training machine powered by an electrical motor enables muscles of the lower extremities to contract faster compared with voluntary contraction. Therefore, muscle training with high contraction velocity is one of the main methods of increasing muscle power. Passive leg press training is a unique method for enhancing jump performance, speed, and muscle power.
INTRODUCTION
T he consensus is that muscle strength and power are vital components in sports competitions. Significant muscle strength can produce enough joint torque to perform movements that require a heavy load and provide a better foundation for muscle power. In addition to strength, muscle power is essential for most sports involving striking, throwing, jumping, and rapid acceleration. Numerous approaches can be used to increase muscle strength, such as traditional resistance training, plyometric training, and ballistic training. A number of previous studies have indicated that plyometric training is a more effective method of increasing muscle strength, muscle power, and jump performance compared with traditional resistance training (6, 11, 14, 21, 29, 33, 34) . This training approach allows the forced stretching muscle groups during the eccentric and lengthened phase and quick muscle contractions during the concentric and shortened phase. The combination of eccentric and concentric contractions forms the muscle function of the stretch-shortening cycle (SSC) and is essential to increasing the muscle energy output through elastic energy (3, 16) . Thus, the stretch reflex is induced (5, 20) . The concepts of SSC should be used to improve the muscle strength and power through muscle training.
Improving speed is one of the most important tasks for elite athletes. Athletes continually endeavor to build their muscle power and/or explosive force. However, traditional resistance training cannot effectively train muscle power because of the slow contraction speed. A number of studies found that muscle contraction velocity is a key factor in developing muscle power (2, 13, 28, 18, 31, 32) . Light resistance and rapid movements are typically used to develop muscle power (1) . Velocity-specific resistance training is significant for improving functional sporting performance. Individuals with a high percentage of fast-twitch muscle fibers generate greater torque and higher power at a given velocity compared with individuals with predominantly slow-twitch muscle fibers. Peak power output is substantially greater in participants possessing a predominance of fast-twitch muscle fibers (15) . However, during traditional resistance training, athletes cannot perform exercises with the actual velocity of competitive movements and high-frequency movements with substantial resistance. Their muscle tension and contraction speed were inversely proportional. When muscle tension is higher, the contraction speed decreases, whereas when muscle tension is lower, the contraction speed increases proportionally. Thus, researchers have continued seeking solutions that enable athletes to reach maximum muscle tension even at the fastest contraction speeds.
To achieve these key factors in muscle training, a potentially superior and more efficient muscle strength and power training approach, passive leg press (PLP) training, was developed based on the concepts of SSC and the benefits of high-speed contractions (7, 8) . The training machine consists of a standing platform that is driven by a linkage connected to an adjustable motor. Trainees must stand on the platform, which is moved up and down rapidly by an electric motor, as shown in Figure 1 . The rotating rate of the electric motor can be controlled by a resistant adjuster in the panel and set between 0 and 300 rpm (0-5 Hz). This means that when the platform moves up and down rapidly, the muscles of trainees can be excited to a maximum effort of 5 times every second. Trainees must push the bar upward and the platform downward using their maximum effort while the platform moves up and down, repetitively. Thus, the trainees' muscles accomplish isokinetic contractions and passive concentric and eccentric contractions with maximum muscle strength. In other words, the trainees' muscles perform both concentric and eccentric isokinetic contractions in a passive, rapid, and repetitive manner during PLP training session.
This study hypothesized that significant improvements in jumping performance, speed, and muscle power could be achieved through long-term training with high-velocity muscle contraction using a PLP training machine. Therefore, the objective of this study was to compare the training effects on jumping performance, speed, and muscle power after 10 weeks of traditional resistance training at a squat frequency of 0.5 Hz, PLP training at a low frequency of 0.5 Hz, and PLP training at a high frequency of 2.5 Hz.
METHODS

Experimental Approach to the Problem
This study investigates the effects of 10 weeks of PLP training on jumping performance, speed, and muscle power. All participants were recruited from the same academic department and randomly assigned to the traditional resistance training group: the low-frequency PLP training group and the high-frequency PLP training group. The training protocol was conducted 3 times per week for 10 weeks. Although the training intensity was almost identical among the 3 groups, the training type, isotonic vs. PLP, differed between the traditional resistance training group and the low-frequency PLP training group. Additionally, the movement frequency, 0. SSC efficiency, which were measured using the same procedure before and after the training period.
Subjects
This study recruited 30 male college students from the Department of Physical Education, Hualien Normal College, Taiwan, to participate in the experiment. None of the participants had experienced a lower extremity musculoskeletal injury in the previous 6 months, performed systematic resistance training, or were part of any athletic team. However, they did regularly participate in sports. The participants' physical characteristics are shown in Table 1 . During the 10-week program, all participants completed a record of their daily activity to monitor and maintain their habitual leisure activities. The experimental procedure of this study was approved by the Ethics Committee of the National Taiwan College of Physical Education. All participants in this study were informed of the experimental risks and signed an informed consent form before participating.
Procedures
All participants were randomly divided into 3 training groups: traditional resistance training (n = 10, traditional group), PLP training at a low frequency of 0.5 Hz (n = 10, PLP-low group), and PLP training at a high frequency of 2.5 Hz (n = 10, PLP-high group), as shown in Figure 2 . The training protocol for each group is shown in Table 2 . The intervention was conducted for 10 weeks, with the 3 groups training at the same intensity every week. The training type employed differed between the traditional resistance training group and the low-frequency PLP training group. Additionally, the movement frequency differed between the low frequency of 0.5 Hz and the high frequency of 2.5 Hz between the 2 PLP training groups. Through the presence of the researcher and careful consideration of the content, method, and schedule, the training sessions were thoroughly controlled. Besides continuous communication between participants and researchers, a training diary was used to record the participants' weekly training results. A Cybex Smith Press CB-5341 machine was used as the training equipment for the traditional group; the squat movement frequency was controlled at 0.5 Hz using a metronome. Additionally, the training load was 70% of the participants' 1-repetition maximum (1RM) and updated at the fifth week. A PLP machine was used as the training equipment for the low-and high-frequency PLP training groups, with a controlled movement frequency of 0.5 and 2.5 Hz, respectively. Besides the differing training method employed by these groups compared with that of the traditional group (PLP vs. isotonic), the remaining training parameters were identical. Although the low-and high-frequency groups differed in frequency, they had identical training parameters. The amplitude of the PLP platform was 11.40 cm for both groups. Before participants stepped onto the motor-powered platform of the PLP machine, they were instructed in its use. Additionally, a thorough warm-up was conducted to prevent injuries caused by a lack of proper preparation. During the training session, because the participants' shoulders were restricted from upward vertical motion by the horizontal stationary bar, they used their lower limb muscles to apply a maximum downward force on the moving platform. Thus, the participants performed isokinetic contractions passively at a high movement frequency. Participants were expected to employ their full power when pushing against the platform. Although the PLP machine caused them to perform isokinetic contractions throughout the entire training session, the participants could *PLP = passive leg press; 1RM = 1-repetition maximum.
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the control the amount of force they delivered. To achieve better results, the participants were required to remain extremely active. However, because we could not measure the level of participant involvement, 2 load cells (model 615, capacity 0-300 kg; Vishay Tedea-Huntleigh, Malvern, PA) were installed on the platform where each foot was placed to enhance our understanding. Data of the foot reaction force were processed using the Biopac data acquisition and analysis system (MP150; Biopac System Inc., Goleta, CA) and displayed on a monitor attached to the PLP machine for visual feedback. Each session lasted for 20 s. The force exerted by the participants was required to remain above 70% of their 1RM. When the exerted force declined below 70% of the participant's 1RM, it was immediately shown on the monitor, enabling the researcher to encourage the participant to push harder. Dasylab 6.0 software was used to control the motion of the platform and alter its speed according to the experimental requirements.
Measurement Procedures. The same measurement procedure was conducted before and after the training period among all the participants. The participants' vertical jump, drop jump, 30-m sprint, explosive force, and SSC efficiency were tested under the same experimental procedures at pre-training (0 weeks) and post-training (10 weeks). All participants did performed regular warm-up exercises before the measurements and were allowed to practice each tested item several times.
Vertical jump
The participants stood sideways against a wall, with their feet parallel to the wall. The first measurement was taken from a stationary position; the participant touched the highest point of the wall they could reach. Next, the participants were instructed to jump as high as they could with hand and squat support and again touch the wall. This was the point of the second measurement. The height of the first point was then deducted from the height of the second point. Each participant performed the exercise 3 times, and the most ideal result was recorded.
Drop Jump
The participants stood on a platform elevated to 40% the height of their vertical jump. A previous study indicated that the maximum stretch reflex and most ideal SSC can be obtained at 40% of the maximum vertical jump height (9) . Participants jumped into a squat position before jumping to touch the highest point on the wall they could reach. Out of the 3 trials, the most ideal result was recorded.
Thirty-Meter Sprint
Each participant ran a 30-m sprint. A starter pistol signaled when to begin. The participants' finishing time was recorded as when their torso crossed the finish line. Additionally, they had to stay within the limits of a track and field running lane. They ran 3 times with two 5-minutes breaks, and the most ideal result was recorded. Furthermore, the time results were rounded down to 2 decimal places.
Explosive Force
The Kistler portable force plate system (Quattro Jump 9290AD; Kistler Group, Winterthur, Switzerland) was used to conduct this test. Participants had to countermovement jump (CMJ) 5 times using their maximum effort and without hand support, with a 30-seconds break between each CMJ. The participants placed their hands on their hips to prevent them from influencing jumping performance. According to the Quattro Jump 9290AD software, instantaneous force (Fi) and peak power (Ppk) were calculated based on the curve of the reaction force (4). Fi was defined as the force at the transition from eccentric to concentric contraction and calculated using the following formula: Fi ¼ F trans2Fbw;
where F trans is the force at the transition from eccentric to concentric contraction and Fbw is the body weight. Peak power (Ppk) was defined as the maximum power during jumping and calculated using the following formula:
Stretch-Shortening Cycle Efficiency
All participants performed 5 squat jumps (SJ) after the CMJ measurement. To understand the efficiency of SSC, the benefit of pre-stretching (SSCp) was calculated using the height ratio of SJ and CMJ, according to the Quattro Jump 9290AD software (4).
Statistical Analyses
The independent variables of this study were the 3 training groups, traditional resistance training, PLP training at a low frequency of 0.5 Hz, and PLP training at a high frequency of 2.5 Hz. The dependent variables were vertical jump, drop jump, 30-m sprint, explosive force, and SSC efficiency. SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used to process the statistical analysis. The test-retest reliabilities were determined using the intraclass correlation coefficient (ICC). A coefficient below 0.40 was considered poor, 0.40 to 0.59 fair, 0.60 to 0.74 good, and 0.75 to 1.00 excellent (10) . Repeatedmeasures t-test was used to examine the changes throughout the 10-week training period. The change rate (CR) was calculated using the following formula: [CR= (posttraining 2 pre-training)/pre-training 3 100%]. Independent samples 1-way analysis of variance was used to compare the CR among the 3 training groups. The level of significance was set as p # 0.05. Table 3 shows the ICCs for all the dependent variables. The high coefficients (0.736-0.832) indicate that the test-retest reliabilities are good to excellent for all the variables measured in this study. In addition, the dependent variables of statistical power are 0.813-0.884.
RESULTS
Jump Performances
The traditional group showed no significant change in their vertical jump and drop jump performances (p . 0.05). The PLP-low group showed a significant increase in their vertical jump at post-training compared with pre-training (p , 0.05). The PLP-high group showed a significant increase in their vertical jump and drop jump at post-training compared with pre-training (p , 0.05). Furthermore, the CR of vertical jump for both the PLP groups was significantly greater than that of the traditional group (p , 0.05). The CR of drop jump for the PLP-high group was significantly greater than that of the traditional and PLP-low groups (p , 0.05), as shown in Table 4 .
Thirty-Meter sprint
Regarding the 30-m sprint, all the 3 groups showed a significant performance increase at post-training compared with pre-training (p , 0.05). Furthermore, the CR of 30-m sprint for the PLP-high group was greater than that of the traditional and PLP-low groups (p , 0.05), as shown in Table 5 .
Explosive Force
The participants' Fi during jumps was significantly improved for both PLP groups (p , 0.05). The CR of the Fi for both the PLP-low and PLP-high groups was significantly better than that of the traditional group (p , 0.05). Furthermore, the Ppk during jumps was significantly improved for all the 3 groups (p , 0.05); however, no significant difference in CR was observed among groups (p . 0.05), as shown in Table 6 .
Stretch-Shortening Cycle Efficiency
Only the PLP-high group significantly increased the benefit of pre-stretching in SSC (p , 0.05). The CR of the PLP-high group was significantly greater than that of the traditional and PLP-low groups (p , 0.05), as shown in Table 7 .
DISCUSSION
The findings indicate that the 10-week PLP training at a high frequency of 2.5 Hz significantly increased the participants' vertical jump, drop jump, 30-m sprint, instantaneous force, peak power, and SSC efficiency. The CR of these abilities was significantly greater than that of the traditional resistance training with the same training intensity. The participants' jumping performance, speed, and explosive force were enhanced after performing the new PLP training method, which enabled muscles to contract faster using the PLP machine compared with voluntary contraction. Several characteristics of the PLP training can be compared with traditional resistance training, such as isokinetic contractions in a passive, rapid, and repetitive manner (7, 8) . During the PLP training, trainees must push the bar upward and the platform downward with their maximum effort while the platform is moved up and down by an electric motor. Thus, their muscles performed both concentric and eccentric isokinetic contractions in a passive, rapid, and repetitive manner. Minimal information exists regarding the effects of passive muscle training on healthy humans. Passive leg press training is considered machine-assisted muscle training. Recently, 2 types of machine-assisted muscle training were developed, namely continuous passive motion (CPM) and whole-body vibration (WBV). One major difference between PLP training and CPM training is whether the trainee uses their maximum effort against the machine during training. Continuous passive motion training without maximum effort does not provide a sufficient stimulus to significantly alter measures of strength, flexibility, and body composition among women aged 40-65 years after a 16-week training period (35) . Similarly, no significant change occurred in muscle strength or lean body mass after a 6-week passive exercise program (27) . Nevertheless, the muscle groups targeted during PLP training with maximum effort significantly improved participants' jumping performance, speed, and explosive force after the 10-week PLP training. This indicates that performing passive muscle movements with maximum effort can substantially enhance jumping ability, speed, and muscle power.
Whole-body vibration training targets muscle groups with specific tension when trainees are stationary or squatting. Previous studies have reported improvements in strength, power, and jump performance after WBV interventions (12, 22, 36, 37) . These results are similar to the findings of this study. The effect of vibration training was influenced by training protocols regarding vibration characteristics (method of application, frequency, and amplitude) and exercise protocol (training type, intensity, and volume). The vibration training protocol with a frequency range between 30 and 50 Hz and a lower amplitude magnitude (less than 4 mm) has been shown to activate muscle effectively (19) . Conversely, the protocol of PLP training in this study used a movement frequency of 2.5 Hz, with larger amplitude (114 mm) under maximum muscle contraction. During the PLP training, the muscle groups contracted harder compared with that during WBV training, which resembles the muscle contraction in actual movements or sports. This type of distinctive muscle contraction during the PLP training may be the main contributor to enhance the jump performance, speed, and muscle power.
High-contraction velocity is one of the main characteristics of the PLP training. In this study, the movement frequency of PLP training was 2.5 Hz, with a larger contraction range (114 mm amplitude of the moving platform). The passive contraction velocity during the PLP training was faster than the voluntary contraction of the traditional resistance training. Generally, the training protocol for muscle power recommends the use of light loads and fast contraction velocity (1). In 1 study, 27 participants performed standard biceps curls 3 times a week for 3 weeks under the following conditions: high load and slow contraction velocity (HS), high load and fast contraction velocity (HF), and low load with fast contraction velocity (LF). Of the 27 participants, 12 received no intervention, serving as controls (C). Result showed that an increase of approximately 9.7% maximal isometric strength was seen for HF, whereas HS improved slow isokinetic strength by approximately 8.5%. No improvements in force performance occurred for LF and C. These findings support the principle of training specificity, highlighting the importance of contraction velocity on the outcome of resistance training using free weights (18) . Furthermore, a number of previous studies found that the muscle contraction velocity was a key factor in developing muscle power (2, 13, 28, 18, 31, 32) . Defining training velocity is extremely important for athletic performance, where a wide range of velocities is required and the transfer of gains can significantly enhance training (28) . In other words, velocity-specific resistance training is vital for improving functional sporting performance. Individuals with a high percentage of fast-twitch muscle fibers generate a greater torque and higher power at a given velocity than those with predominantly slow-twitch muscle fibers. In humans, the mean peak power occurs in a ratio of 10:5:1 for type IIb, IIa, and I muscles fibers. Consequently, peak power output is substantially greater in participants who possess a predominance of fast-twitch muscle fibers (15) . One of our series studies reported an increase in the ratio of type I muscle fiber and type II muscle fiber from 80.62 to 81.38% and from 77.78 to 82.77%, respectively, in 2 participants. The measured muscle biopsy specimens were collected from the musculus vastus lateralis before and after 10 weeks of the high-frequency PLP training (17) . However, the PLP machine produced a faster contraction velocity, which resulted in a significant improvement in jump performance and muscle power after 10 weeks of PLP training, with 2.5 contractions per second.
Training with rapid velocities may increase injury; therefore, the transfer of gains from slow training is substantially beneficial (28) . The PLP training movement is a closed kinetic chain with lower injury risk. However, most velocity-specific resistance training movements, including plyometric or ballistic training, are open kinetic chains with high injury risks. This study suggests that the benefits of using SSC during faster movements outweigh the associated disadvantages from the force-velocity relationship (30) . The 10-week sprint training, defined as SSC with faster movements, produced similar or even superior training effects in muscle function and athletic performance compared with that provided by conventional plyometric training. This study supports the use of sprint training as an appropriate method for improving the explosive performance of athletes (26) . During the PLP training, muscles perform both concentric and eccentric isokinetic contractions in a passive, rapid, and repetitive manner because the PLP training machine platform is moved up and down rapidly by an electric motor. Passive leg press training was developed based on the concepts of SSC and the benefits of high-speed contractions (7, 8) . After 10 weeks of high-frequency PLP training, the benefit of SSC was significantly improved in this study. An 8-week SSC exercise training program enhanced single-fiber contraction performance in type I, IIa, and IIa/IIx fibers through force and contraction velocity. These results suggest that SSC exercises are effective training methods to improve fiber force, contraction velocity, and power (25) . Therefore, the results of this study are similar to those reported by the previous studies, which indicated that plyometric training increased muscle strength, muscle power, and jump performance compared with traditional resistance training (6, 11, 14, 21, 29, 33, 34) .
Finally, the 10-week PLP training with isokinetic contractions performed in a passive, rapid, and repetitive mannerinduced neuromuscular adaptation that improved jumping performance, speed, and muscle power. A number of our previous studies found that PLP training recruited more motor units in the target muscles because of higher integrated electromyography (8) . The 10-week PLP training at a movement frequency of 2.5 Hz provided a 4-5% increase of cytoplasmic HSP72 protein content, messenger RNA expression increased by several times (17) , and proinflammatory cytokines, that is, IL-1â and TNF-á, were induced (23) . Furthermore, one of our series studies reported that not only did high-frequency PLP training increase the ratio of type I muscle fibers and type II muscle fiber from 80.62 to 81.38% and from 77.78 to 82.77% in 2 participants (17), but, regarding neural adaptation, it also significantly reduced the H max :M max ratio from 0.592 6 0.257 to 0.453 6 0.164 after 10 weeks of high-frequency PLP training (24) . Therefore, the new PLP training method provided positive effects among participants with no previous resistance training experience after a 10-week training period.
PRACTICAL APPLICATIONS
Training load and contraction velocity are incompatible and both are important components of the muscle training protocol for increasing muscle power. To our knowledge, not many training equipment provides a combination of heavy loads and high contraction velocity. Therefore, the machine-assisted PLP training was developed to provide the benefits of stretch-shortening cycle and high muscle contraction velocity. The trainee must stand on the platform, which can be moved up and down rapidly by an electric motor. The trainee must employ their maximum effort to push the bar upward and the platform downward as the platform is moving up and down, repetitively. Thus, their muscles perform both concentric and eccentric isokinetic contractions in a passive, rapid, and repetitive manner during the PLP training. Obviously, muscle groups contracted harder and faster during PLP training compared with that during traditional resistance training. The major finding of this study suggested that the jump performance, speed, explosive force, and muscle power significantly improved after 10 weeks of PLP training at a high movement frequency, which encouraged muscles of the lower extremities to contract faster compared with voluntary contractions. Therefore, muscle training with high contraction velocity in passive way is one of the major approaches to increase muscular power and speed. Passive leg press training is a unique training manner that enhances muscular function and may become the primary choice for elite athletes who demand superior muscle power and faster contraction velocity in the future.
